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PEOTOACOUSTIC FOURIER TRANSFORM INFRARED SPECTROSCOPIC 

STUDY OF HEIEQMICAL PULP BRIGHTENING 

F.C.T. St-Cermain and D.C. Gray 

Pulp and Paper  Research I n s t i t u t e  of Canada and Department of 
Chemistry, nu2111 Univers i ty ,  Uont rea l ,  Quebec, Canada H3A 2A7 

To D.A.I. Coring, w i t h  every good w i s h  f o r  a satls- 
f y i n g  and product ive  ' re t i rcment" .  

ABSTRACT 

The technique of photoacous t ic  F o u r i e r  t ransform i n f r a r e d  
s p e c t r a c o p y  (FTIR-PAS) vas appl ied  t o  t h e  s t u d y  of m c h a n i c a l  
pulp br ighten ing  v i t h  hydrogen p e r o d d e .  I n t e n s i t i e s  r e l a t i v e  t o  
three i n t e r n a l  s t a n d a r d  peaks (3400, 1510 and 1056 cn") Yere used 
s i n c e  t h e  a b s o l u t e  photoacous t ic  s i g n a l  i n t e n e i t i e s  were not 
reproducible .  Tim fntarual s tandard  method y i e l c k d  a raproduci-  
b i l i t y  of better t h a n  5% a d  u d e  i p o s s i b l e  t o  oberve s i g n i f i -  
c a n t  c h a n g e s  in t h e  1750-1600 cm-' region upon b r i g h t e n i n g  v f t h  
peroxide. The peak i n t e n s i t i e s  were found t o  decrease  due t o  
a l k a l f n e  d c a c e t y l a t i o n  (1740 cn" nd t o  t h e  n e t  removal of 
conjugated c a r b o r y l  s t r u c t u r e s  (1650 cm- f ). 

INTRODUCTION 

S t u d i e s  i n  t h e  a r e a  of wood chemis t ry  are a l v a y s  made c a a p l i -  

c a t e d  by t h e  i n e o l u b i l i t y  of t h e  Praterial. I n  t h e  case of l i g n i n ,  

t h i s  d i f f i c u l t y  can be c i rmmvented  by t h e  u s e  of m d e l  compounds 

or l i g n i n  p r e p a r a t i o n s ,  and by s o l i d - s t a t e  c h a r a c t e r i z a t i o n  

methods. In t h e  case of mechanical p u l p  b r i g h t e n i n g ,  s e v e r a l  
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34 S T - G m I N  AND GRAY 

s t u d i e s  u s l u g  l i g n i n  twdel coopounds1-4 and on m l l l e d  wood l i g n i n  

have been  r e p o r t e d .  S t u d i e s  i n v o l v i n g  o r  o t h e r  p r e p a r a t i o n s  

t h e  c h a r a c t e r k a t i o n  of t h e  l i g n i n  in t h e  wood i t s e l f  have been 

f a i r l y  rare*-”. In t h e s e  s t u d i e s  u l t r a v i o l e t ,  v i s i b l e  and i n f r a -  

red s p e c t r o s c o p i c  methods were used. I n f r a r e d  s p e c t r o s c o p y  in 

p a r t i c u l a r  seems very a p p r o p r i a t e  t o  t h e  s t u d y  of e c h a n i c a l  pulp 

b r i g h t e n i n g  s i n c e  I t  c a n  g c n e r a t e  a g r e a t  d e a l  of s t r u c t u r a l  

i n f o r m a t i o n  about  s o l i d  mterials. The main d i s a d v a n t a g e  of t h e  

technique  l ies in t h e  need f o r  sample p r e p a r a t i o n ,  e i t h e r  as a 

t h i n  s h e e t  o r  as a potass ium b r d d e  p e l l e t .  However, r e c e n t l y ,  

t h e  t e c h n i q u e s  of d i f f u s e  ref lectance’’  and p h o t o a c o u s t i c  de tec-  

t ion l 3 ’ I 4 ,  which  r e q u i r e  no sample p r e p a r a t i o n ,  have been i n t r o -  

duced t o  t h e  f i e l d  of F o u r i e r  t ransform i n f r a r e d  (FTIR) spec t ro-  

SCOPY. 

2,5-7 

P h o t o a c a u s t i c  o p c t r a c o p y  is a m t h o d  i n  v h i c h  t h e  sample 

is i r r e d i a t e d  in a c l o s e d  c e l l  w i t h  i n t e n a i t y - m d u l a t e d  l i g h t .  

The a b s o r p t i o n  of r a d i a t i o n  c a u s e s  t h e  sample t a n p e r a t u r e  t o  

i n c r e a s e .  Heat is t r a n s f e r r e d  f r a  t h e  sample s u r f a c e  t o  a 

coupl ing  gas p r e s e n t  in t h e  ce l l ,  c a u s i u g  t h e  p r e s s u r e  t o  rise in 

t h e  ce l l .  S i n c e  t h e  i n c i d e n t  l i g h t  is modulated,  so is t h e  pres-  

s u r e  v a r i a t i o n  v h i c h  can be r o n i t o r e d  by means of a s e n s i t i v e  

d c r o p h o n e .  The t h e o r e t i c a l  aspects of p h o t o a c o u s t i c  spec t roecopy 

(PAS) are d e s c r i b e d  by Rosencuaig and r e c e n t  a p p l i c a t i o a a  of 

PAS In conjunction w i t h  FTIK are d e s c r i b e d  in a f e v  

revi ays 13,14,17 
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m a - P A s  s m r  OF HECHANICAL PULP BRIGHTENING 35 

The photoacous t ic  technique  h a s  r e c e n t l y  been enployad in t h e  

s tudy  of l i g n o c e l l u l o a i c s .  Could s t u d i e d  t h e  u l t r a v i o l e t  and 

visible p h o t o a c o u o t i c  spec t ra  of lignin", vhila Harbour e t  a l .  

u& t h e  technique  i n  t h e  W, v i s i b l e ,  near- and d d - i n f r a r e d  

regions, for c e l l u l o s e ,  paper  and vood s a a p l ~ s ~ ~ .  Photoacous t fc  

FTIR measurements on bleached k r a f t  paper  have been r e p o r t e d ,  v i t h  

p a r t i c u l a r  u p h a s i s  on t h e  e f f e c t  of e u r f a c e  area on signal 

i n t e n s i t y  . 20 

The u i n  d r a v k c k  of t h e  photoacous t ic  technique  is t h a t  t h e  

a b o l u t c  peak i n t e m i t i e a  are not r e a d i l y  q u a n t i f i e d .  HaVever, 

t h e  technique has  been used s u c c e s s f u l l y  f o r  t h e  q u a n t i t a t i v e  

a n a l y s i s  of a mixture  of i s o t o p i c a l l y  d i f f e r e n t  po tass ium n i t r a t e  

a m p l e s ,  us iug  peak r a t i o s  i n s t e a d  of a b s o l u t e  peak i n t e n s i t i e s  . 
The a i m  of t h e  p r e s e n t  paper  is t o  shov t h a t  t h e  method of peak 

r a t i o a  in RIB-PAS can be used t o  d e t e c t  t h e  chemical  c h a q e a  t h a t  

OCQIK dur iug  mechanical pulp b r i g h t e a i u g .  

21 

EXPERIMENTAL 

Pulp P r e p a r a t i o n  

Chips of black spruce  wood ( p i c e a  mariana)  were r e f i n e d  i n  a 

Baucr 187 a t m s p h e r l c  d i scharge  double d i s k  (60 cm diameter )  

re f  iner  a t  t h e  Abi t i b i - P r i c e  Research Cent re  in Ufssiss.uga, 

Ontar io .  The pulp vas Soxhle t -ex t rac ted  w i t h  a c e t o n e  (24 hours) ,  

d r i a i ,  c h e l a t e d  (2% c o n s i s t e n c y ,  0.5% EDTA on pulp) ,  a d  S o x h h t -  

e x t r a c t e d  v i t h  vater  (14 hours) .  
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36 S P - G E W I N  AND GRAY 

Pulp B r i g b t e n i n a  

Brightenirrg was carried Out  a t  1U c o n s i s t e n c y  w i t h  a 2.5% 

charge of hydrogen peroxide ,  5% 41' B€ sodium silicate. 2% sodium 

hydroxide and 0.05% mgneshn s u l p h a t e .  The pulp w a s  mixed w i t h  

t h e  b leaching  s o l u t i o n  and p laced  i n  a water b a t h  a t  50.C f o r  3 

hours. The pulp was t h e n  t a k e n  out and t h e  c o n s i s t e n c y  w a s  

l w e r e d  t o  0.6%. The pii of t h e  r e s u l t i n g  s l u r r y  was a d j u s t e d  t o  

5 .5  by a d d i t i o n  of 10% sodium b i s u l p h i t e  s o l u t i o n .  The pulp  was 

t h e n  f i l t e r e d ,  washed, and d r i e d  i n  a vacuum oven a t  45 'C .  In a l l  

cases a blank e x p e r i r c n t  v a s  run under  t h e  same c o n d i t i o n s  u s i n g  

pulp and a l i q u o r  i d e n t i c a l  t o  t h e  b r i g h t e n i n g  one e x c e p t  f o r  t h e  

abeence of peroxide.  

Sodium Hydroxide P r e t r e a t m e n t  

Some of t h e  pulp  w a s  t r e a t e d  w i t h  a basic s o l u t i o n  p r i o r  t o  

b r i g h t e n i n g .  The p r e t r e a t m e n t  l i q u o r  was i d e n t i c a l  t o  t h a t  used 

f o r  t h e  b r i g h t e n i n g  e x c e p t  t h a t  n o  hydrogen peroxide  was p r e s e n t .  

The p r e t r e a t m e n t  was c a r r i e d  o u t  for 6 hours  under  t h e  same condi- 

tions of t -pera ture  and c o n s i s t e n c y  as t h e  b r i g h t e n i n g  process .  

Sample Preparation 

Although good q u a l i t y  spectra w e r e  r e a d i l y  o b t a i n e d  on pulp  

sheets, i t  was found t h a t  g r i o d i x  t h e  pulp  i n  a Ui ley  m i l l  (6w 

mesh s c r e e n )  had a beneficial e f f e c t  on t h e  signal-to-noise r a t i o  

of t h e  r c a u l t f q  FTIR-PAS spectra. A f t e r  g r i n d i n g ,  t h e  samples 

were d r i e d  a second t i m e  in a vacuum oven a t  45.C. 
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FTIR-PAS STUDY OF MECHANICAL PULP BRIGHTENING 37 

Spect roscopic  Measurements 

A Mattson Cygnus 25 FTT.R spectrmeter w i t h  a n  EG6G Pr ince ton  

Applied Research Model 6003 photoacous t ic  c e l l  WM u p l o y e d .  The 

s a r p l e  h o l d e r  had a 5 am diameter  and w a s  1 om deep. h e  output  

f r m  t h e  ce l l  was f e d  t o  a n  EGhG P r i n c e t o n  Applied Research Model 

6005 p r e a m p l i f i e r  and thence t o  t h e  d e t e c t o r  i n p u t  of t h e  spectro- 

meter. 

Photoacous t ic  FTXR spectra were obta ined  by a v e r a g i w  100 

s c a n s  a t  a r e s o l u t i o n  of 8 cm (measurement time of 4 miruten) .  

The i n t e r f e r c n e t e r  m i r r o r  v e l o c i t y  w a s  0.084 -/see. A double- 

s i d e d  i n t e d e r o g r a m  and a t r i a n g u l a r  a p o d i r a t i o n  f u n c t i o n  were 

used t o  g e n e r a t e  t h e  spectra. The l a t te r  were r e t i o e d  t o  a back- 

g r a m d  spectrum of carbon black ( F i s h e r  N o r l t  A) obta ined  a t  t h e  

same i n e t r u m n t a l  settings. B a s e l i n e  c o r r e c t i o n  was c a r r i e d  o u t  

w i t h  t h e  r o u t i n e  provided i n  t h e  i n a t r u n a t  sof tware .  To o b t a i n  

-re reproducib le  results t h e  b a s e l i n e  c o r r e c t i o n  program was 

a p p l i e d  mice t o  each spectrum. For  each sample, spectra of t e n  

d i f f e r e n t  a l i q u o t s  were recorded and t h e n  b a s e l i n e  c o r r e c t e d  so 

t h a t  t h e  data  could  be averaged and t h e  aoount  of scatter could  be 

en t h  tad.  

-1 

RESULTS AND DISCUSSION 

Photoacous t ic  FTLR spectra of t h e  u n t r e a t e d  pulp are shown i n  

F igures  1 ( o r i g i n d  spectrum) and 2 ( b a s e l i n e  c o r r e c t e d ) .  For 

cooparison,  a convent iona l  t ransmiss ion  spectrum Is shown i n  

F igure  3.  The same peaks appear  i n  both t h e  photoacous t ic  and 
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38 ST-GERMIN AND GRAY 
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Figure 1. FTIR photoacoustic spec t rum of r e f i n e r  mechanical pulp 
(normalized t o  the h ighes t  peak.) 

t ransmiss ion  spectra, although t h e i r  r e l a t i v e  i n t e a s i t i e a  do 

d i f f e r .  Th i s  is not unexpected s ince ,  uu l ike  the  t r ammiss ion  

i n t e n s i t y ,  t h e  photoacous t ic  signal i n t e n s i t p  d e p e d n  on t h e  modu- 

l a t i o n  frequency of t h e  i n f r a r e d  r ad ia t ion ,  according t o  the  

Bosencwa ig -Gersho  t h e o r y 2 2  and ,  i n  PTIR, each  wave leng th  is 

modulated a t  a d i f f e r e n t  frequency . 14 

I t  was found t h a t  t h e  abso lu te  peak i n t e n s i t i e s  of photo- 

a c a r s t i c  s p e c t r a  w e r e  not very reproducible for s p e c t r a  of d i f -  

f e r e n t  a l i q u o t 6  of t he  same mterial. The main reason f o r  t h i s  

l ier  in t h e  d i f f i c u l t y  i n  packing t h e  ce l l  reproducibly,  r ime the  

s i g n a l  is s e n s i t i v e  t o  t h e  r u r f a c e  area2', and a densely packed 

rimple g ives  a lover s i g n a l  t han  a looae ly  packed one. To cirarm- 

vent t h i s  problem t h r e e  i n t e r n a l  s tandard  peaks were used t o  
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Figure  2 .  Baseline c o r r e c t e d  FTIR photoacous t ic  spectrum of the  r e f i n e r  
mechanical pulp i n  t h e  reg ion  from 1800 t o  750 cm-1 (normalized 
t o  t h e  h i g h e s t  peak). 

o b t a i n  r e l a t i v e  i n t e n s i t i e s :  t h e  peak a t  1056 cm-' ass igned  t o  

C - 0  s t r e t c h i n g  v i b r a t i o n s 2 3 ,  t h e  broad peak c e n t e r e d  a r m n d  3400 

cm c o r r e s p o n d i n g  t o  0-H s t r a t c h i q 2 4 ,  and t h e  peak a t  1510 cm-' 

a s c r i b e d  t o  an a r a a t i c  s k e l e t a l  v i b r a t i o n  . The f i r s t  two peaks 

were chcwen because they a r e  s t r o n g  and r e p r e s e n t  groups  t h a t  are 

ccnmon i n  both t h e  l i g n i n  and t h e  carbohydrates .  Since t h e s e  

groups are p l e n t i f u l  i t  seemed u n l i k e l y  t h a t  they would be s u b j e c t  

t o  d r a a t i c  d e p l e t i o n  upon br ighten ing .  The peak a t  1510 c m - l  was 

chosen because i t  is a pure l i g n i n  v i b r a t i o n  and is w e l l - d e f i n e d  

i n  t h e  spectra. The p r e c i s i o n  of t h e  m t b d  w a s  es t imated  by 

r e p e a t i n g  measur-nts on t e n  d i f f e r e n t  a l i q u o t s  of each sample 

-1 

24 
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40 ST-GERIIAIN AND GRAY 
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Figure  3. FTIR t r a n s m i s s i o n  spectrum of r e f i n e r  mechanical  pulp i n  a 
potassium bromide p e l l e t  (normalized to  t h e  h i g h e s t  peak) .  

and t h e  u s e  of t-test statist icsz5. I f  no b a s e l i n e  c o r r e c t i o n  vas 

used, t h e  r e p r o d u c i b i l i t y  of t h e  r e l a t i v e  i n t e m i t l e s  w a s  found t o  

be araund 102, whi le  i f  t h e  spectra were b a s e l i n e  corrected as 

shown i n  F i g u r e  2, i t  was better t h a n  5%. The b a s e l i n e  c o r r e c t i o n  

method made i t  p o s s i b l e  t o  r-ve t h e  e f f e c t  of c o h e r e n t  back- 

g r a n d  n o i s e  i n  t h e  cell.  It is very d i f f i c u l t  to  knou e x a c t l y  

where t h e  b a s e l i n e  a c t u a l l y  is, but t h e  f a c t  t h a t  a l l  t h e  spectra 

vere e i m f l e r  i n  shape,  and w e r e  c o r r e c t e d  i n  t h e  s a a  m n n e r  MY 

e x p l a i n  t h e  better r e p r o d u c i b i l i t y  o b t a i n e d  upon b a s e l i n e  cor rec-  

t i o n .  

Unext rac ted  pulp  vas ueed i n  t h e  f i r s t  set of exper iments  but 

t h e  d i s s o l u t i o n  of e x t r a c t i v e s  in t h e  b r i g h t e n i n g  l i q u o r  l e d  t o  
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FTIR-PAS STUDY OF HECHANICAL PULP BRIGHTENING 41 

changes i n  t h e  i n f r a r e d  spectra t h a t  vere d i f f i c u l t  t o  i n t e r p r e t  

i n  terms of the b r i g h t e n € %  a c t i o n  a lone .  Even pulp  t h a t  had been 

both a c e t o n e  a d  v a t e r  e x t r a c t e d  shoved s i g n i f i c a n t  changes 

throughout t h e  spectra on t rea tment  v i t h  alkali.  For t h i s  reason  

i t  was important  t o  have good blank samples obta ined  under iden- 

t i ca l  c o n d i t i o n s  v i t b u t  t h e  a d d i t i o n  of br ighten ing  agent. As 

w i l l  be s e e n  be law,  t h e  a l k a l i  i n  t h e  peroxide bleaching l i q u o r  

TABLE 1 

Brightness  Values of t h e  Pulp Samples 

Sample B r i g h t n e s s  

Elrepho,  % 

Untreated pulp 

Bladr") 

Peroxide br ightened 

(b 1 P r e t r e u t d  pulp 

P r e t r e a t e d  

58 

56 

70 

5 5  

53 

P r e  t r e a t e d  peroxide b r i g h  t e n d  68 

Blank r e f e r s  t o  pulp t r e a t e d  w i t h  l i q u o r  c o n t a i n i n g  no pero- 
x ide ,  under bleaching c o n d i t i o n s  (3 hours ) .  

P r e t r e a t e d  r e f e r s  t o  pulp t h a t  was t r e a t e d  for 6 hours v i t h  
l i q u o r  c o n t a f n l q  no peroxide.  under  bleaching condi t ioM.  

P r e t r e a t e d  b l a n k  r e f e r s  t o  p u l p  t r e a t e d  a s  in ( b )  t h e n  
t r e a t e d  as i n  (a). 

(b)  
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42 ST-GERMIN AND GRAY 

caused s u b s t a n t i a l  ch8uges i n  t h e  IR spectra, independent  of t h e  

peroxide .  For t h i s  reason,  a s a r p l e  of t h e  e x t r a c t e d  pulp vas 

p r e t r e a t e d  f o r  six hours  v i t h  alkali under  b leaching  c o n d i t i o n e  

v i t h  no peroxide  p r e s e n t  to  t r y  8d i so la te  t h e  ch8nges due t o  

a l k a l i  from those due t o  t h e  b r i g h t e n i a g  process .  

The e f f e c t s  of t h e  treatments on p u l p  b r i g h t n e s s  are rhovn i n  

Table  1. The blank t r e a t e d  v i t h  b l e a c h l u g  l i q u o r  hut no peroldde 

showed a 2-point drop i n  b r i g h t n e s s ;  a m d e r a t e  g a i n  i n  

b r i g h t n e s s  vas observed v i t h  peroxide .  Even a f t e r  a 6-hour pre- 

t r e a t m e n t  v i t h  base, which darkened t h e  pulp  a u b s t a n t f a l l y .  a 

f u r t h e r  2-point drop i n  b r i g h t n e s s  w a s  observed vhen a blank 

bleaching  t rea tment  vas performed. The b r i g h t n e s s  g a i n  on p e r c r  

x i d e - b l e a c h i q  t h i s  p r e t r e a t e d  pulp  w a s  t h e  same as  f o r  t h e  

u n t r e a t e d  pulp,  but t h e  f i n a l  b r i g h t n e s s  vas, of course,  much 

lower. 

Table  2 shows t h e  p e r c e n t  change i n  t h e  r e l a t i v e  i n t e n s i t i e s  

of t h e  I R  bands between t h e  p e r o x i d e  t r e a t e d  sample and t h e  cor -  

responding blank. The i n t e n s i t y  changes are  shovn r e l a t i v e  t o  t h e  

t h r e e  peaks used as i n t e r n a l  standards. The scatter i n  va lues  

v i t h i n  each  row i n d i c a t e s  t h e  p r e c i s i o n  of t h e  measurements. 

I n t e r p r e t a t i o n  of t h e  changes i n  i n t e n s i t i e s  is not s t r a i g h t f o r  

ward and t h e  f o l l w l n g  i n t e r p r e t a t i o n  of t h e  chemical  changes i n  

t h e  f i b r e  i s  t e n t a t i v e .  The l a r g e s t  change vas found a t  1650 

which corresponds t o  t h e  C=O s t r e t c h  of v a r i a u s  conjugated car- 

bony1 g r o u p s  such as a - c a r b o a y k .  a ,B-uneaturated aldehydes,  a d  

v a r i o u s  quinoues  - T h i s  d e c r e a s e  vas i n  l i n e  v i t h  t h e  results of 6 
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FTIR-PAS STUDY OF MECHANICAL PULP BRICHTFNINC 43 

TABLE 2 

Percent  Change In Rela t ive  I n t e r u l t l e e  Between 
Peroxide B r l g h t e n d  Pulp and Blank. 

Percentage change in r e l a t i v e  i n t e n s i t i e s  

'v 'A 10 56 'v 'A 15 LO 'A3300 Peak pos i t i on  

v (cm-5 

1740 

1650 

16 00 

1510 

+ 1  

- 8  

- 5  

+ l  

~~ ~ 

- 1  + 1  

-10 - 8  

- 6  - 4  

I -2  -- 

s t u d l e s  on groundwoodlo,  thermomechanlcal pulpL1, and on n i l l e d  

wood atxi e m p a t i c a l l y  i so l a t ed  l i g n ~ r m ~ * ~ .  

-1 A s l g n l f i c a n t  d e c r e a s e  vas a l s o  s e e n  in t h e  1600 cm peak 

which corresponds to  an  a r a r a t i c  s k e l e t a l  v ib ra t ion ,  but not i n  

t h e  1510 CP-' peak which Is a l s o  due t o  a n  a r o o a t l c  v ibra t ion .  

However, t h e  peak a t  1600 cm Is knavn t o  be ln tecmlf led  by the  

p re sence  of a - c a r b o n y l  groups26 and ,  in a d d l  t i o n ,  carboxylate  

10 g r o u p s  are known t o  a b s o r b  In  t h i s  reg ion .  

and Bezich  e t  a1.I' found s l l g h t  i nc reases  In t h i s  peak f o r  RLP 

brlghtenisg.  However, i n  the  present  s tudy ,  I f  t he  spectrum of 

the br ightened pulp was compared t o  t h a t  of the  o r l g l n a l  pulp 

-1 

PolEin a d  Rapson 
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44 ST-CERPUIN AND GRAY 

i n s t e a d  of t o  t h a t  of t h e  blank sample, a n  i n c r e a s e  i n  t h e  1600 

c m  p e a k  was f o u n d .  In  t h i s  case, though, a l a r g e  decrease was 

a l s o  o b s e r v e d  in t he  1 7 4 0  c m  peak, which c o u l d  be assigned t o  

d c a c e t y l a t i o n  of h e m i c e l l u l o s e 1 °  d u e  t o  t h e  a l k a l i n i t y  of t h e  

Pedium a d  not t o  t h e  o x i d a t i v e  p r o p e r t i e s  of t h e  peroxide.  

D e a c e t y l a t i o n  o r  h y d r o l y s i s  would a lso lead  t o  t h e  format ion  of 

c a r b o x y l a t e  g r o u p s  i n  t h e  s t r o n g l y  a l k a l i n e  medium, t h u s  caus ing  

a n  i n c r e a s e  i n  t h e  1600 cm" band.  Compar ing  t h e  b r i g h t e n e d  

a m p l e  w i t h  t h e  blank,  no s i g n i f i c a n t  change vas found in t h e  I740 

c m  band ( b e c a u s e  d e a c e t y l a t i o n  o c o l r r e d  in both  c a s e s )  and t h e  

1 6 0 0  cm-' peak  a l s o  showed no i n c r e a s e .  

peak showed a d e c r e a s e  t h a t  is probably due t o  a d e c r e a s e  i n  

a -carbouy 1 content. 

-1 

-1 

-1 

I n  f a c t ,  t h e  1600 

P r e v i o u s  vork on l i g n i n  m d e l  compounds and Ilpilled wood 

l i g n i n  h a s  shovn t h a t  a r a a t i c  r i n g s  are a t t a c k e d  by peroxide,  

l e a d i n g  t o  t h e  f o r m a t i o n  of qufnone groups3D5. Quinone format ion  

s h o u l d  l e a d  t o  a d e c r e a s e  in t h e  peak a t  1510 c m - l ,  cor responding  

t o  t h e  arcmatic s k e l e t a l  C=C v i b r a t i o n .  Hcxever, in t h e  p r e s e n t  

s t u d y ,  t h e  peak  a t  1510 ci'l w a s  f o u n d  t o  be i n v a r i a n t ,  w i t h i n  

e x p e r h e n t a l  error. T h i s  was also r e p o r t e d  in vork by P o l s n  

a n d  R a p s o n l o  who p r e s e n t e d  a d d i  t i o n a l  u l t r a v i o l e t - v i s i b l e  data 

shoving no s i g n i f f c a n t  d e c r e a s e  in t h e  arcrmaticity of t h e  pulp. 

Quinone f o r m a t i o n  should  have o t h e r  e f f e c t s .  The peak at 

1 6 5 0  s h o u l d  i n c r e a s e  due t o  t h e  q u i n o n e  C=O S t r e t c h i n g  

v i b r a t i o n ,  c o n t r a r y  t o  t h e  o b e r v e d  behaviour .  F o r  t h e  peak at  

1 6 0 0  cm-', t he  s i t u a t i o n  is more c o m p l i c a t e d :  a d e c r e a s e  in 
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F T I R - P A S  STUDY OF MECHANICAL P U L P  B R I G H T E N I N G  65 

a r c m a t i c i t y  should l o v e r  i t s  i n t e n e i t y ,  while t h e  format ion  of 

quinone C-C bods shauld  have t h e  o p p o a l t e  e f f e c t .  S ince  no 

d e c r e a s e  was obaerved  f o r  t h e  1SlO cm-' pa&, i t  i s  mst l i k e l y  

t h a t  c h a n g e s  in t h e  1 6 0 0  cm" a b s o r p t i o n  are not  due to  charqles 

i n  a r c r a t l c l t p .  

Although w e  have no evidence  for quinone formation,  i t  cannot 

be excluded.  Infrared spec t roscopy of pulp  is not s p e c i f i c  enough 

f o r  quinones;  t h e  a s s o c i a t e d  v l b r a t i o n a  a p p e a r  t o g e t h e r  w i t h  o t h e r  

bands ( e . g .  o t h e r  conjugated carbonyls  a t  1650 c m - l ,  and a r a a t i c  

d o u b l e  bonds a t  1600 cm-'). Also r e l e v a n t  is t h e  o b s e r v a t i o n  by 

S p i t t l e r  and Dence5 t h a t  t h e  s m a l l  amount of l i g n i n  t h a t  is so lu-  

b i l i z e d  dur ing  t h e  bleaching p r o c e s s  is e x t e n s i v e l y  oxid ized .  but 

t h e  i n s o l u b l e  f r a c t i o n  shows no s i g n i f i c a n t  decrease  in arma- 

t i c i t y .  

Table  3 shows the  percent  change of t h e  r e l a t i v e  i n t e n s i t i e s  

of t h e  XR peaks wi th  respect t o  t h e  p r e t r e a t e d  pulp. Data a r e  

presented  f o r  t h e  peroxide br ightened p r e t r e a t e d  pulp, and a l s o  

p r e t r e a t e d  pulp t r e a t e d  under t h e  same c o n d i t i o n s  as the  

br ightened  one but wi thout  t h e  a d d i t  ion  of p e r o r i d e  ( p r e t r e a t e d  

b l a n k ) .  The l a r g e s t  change w a s  a decrease  In t h e  1740 cm peak 

due t o  d e a c e t y l a t i o n .  The peroxide- t rea ted  sample showed a some- 

what g r e a t e r  change in t h i s  reg ion ,  perhaps due t o  t h e  g r e a t e r  

a l k a l i n l t y  a f forded  by t h e  presence  of t h e  perhydroxyl anion.  A 

n o t i c e a b l e  d e c r e a s e  i n  t h e  a r m a t l c  peak a t  1510 cm w a s  found, 

i n d i c a t i n g  t h a t  a 8-11 q u a n t l t y  of l i g n i n  was d i s s o l v e d  In  both 

processes .  The anount w a s  vcry similar In both  cases. T h i s  

-1 

-1 
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46 ST-GERPUIN AND GRAY 

TABLE 3 

P e r c e n t  C h a n g e  in Relative I n t e n s i t i e s  f o r  P r e t r e a t e d  
B l a d t  and P r e t r e a t e d  P e r o a i d e  Brightened Pulp  w i t h  

Reapect t o  t h e  O r i g i n a l  P r e t r e a t e d  Pulp. 

~~ 

Percentage.  change i n  r e l a t i v e  i n t e n s i t i e s  

( b )  Peak p o s i t t o n  Bla*(") Peroxide 

AV ?I AV AV 
A 

V --- A -1 
V 

v(- 1 --- 
A1056 '1510 *3300 A1056 A1510 A3300 

~~ ~ 

1740 - 42 - 35 - 42 - 51 - 43 - 47 
1650 + 2  + 9  + 2  - Y  0 - 5  

1600 - 7  0 - 7  - 4  + 4  0 

1510 - 7  - - 7  - 9  -- - 5  

(a )  

( b )  

D i f f e r e n c e  between p r e t r e a t e d  blank and p r e t r e a t e d  pulp.  

D i f f e r e n c e  b e t v e e n  p r e t r e a t e d  peroxide  br ightened  pulp  and 
p r e t r e a t e d  pulp. 

c h a w e  made t h e  i n t e n s i t y  data r e l a t i v e  to  t h e  1510 cn-' i n t a n a i t y  

i w a l i d .  T h i s  i s  a good i l l u s t r a t i o n  of t h e  need t o  use  more t h a n  

o n e  i n t e r n a l  s t a n d a r d  peak.  The peak  a t  1 6 5 0  c m - l  s h o v e d  a 

d e c r e a s e  upon peroxide  b r i g h t e n i n g ,  cor responding  t o  t h e  r e w v a l  

of conjugated  carbouyl  chrcnophores ,  and a very s l i g h t  i n c r e a s e  

upon t r e a t m e n t  w i t h  t h e  b l a d r  l i q u o r .  

Table  4 shove t h e  p e r c e n t  change of t h e  r e l a t i v e  i n t e n s i t i e s  

of t h e  bands betveen  t h e  p r e t r e a t e d  b r i g h t e n e d  pulp  and t h e  pre- 
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U B L E  4 

P e r c e n t  Change in R e l a t i v e  I n t e n s i t i e s  between P r e t r e a t e d  
P e r o l d d e  Br igh tened  P u l p  and P r e t r e a t e d  B l a d c .  

P e r c e n t  change i n  r e l a t i v e  i n t e n s i t i e s  

Peak p o s i t i o n  

-1 
v (- 1 

10 56 Av 15 LO '*3 300 

1742 

1650 

1600 

1510 

-1 0 - 8  - 6  

-1 1 - 9  - 7  

+ 3  + 4  + 6  

+ 2  - 2  -- 

t r e a t e d  bladc.  In t h i s  case no s i g n i f i c a n t  change w a s  found in 

t h e  aromatic peak a t  1510 c m  , s i n c e  l i g n i n  w a s  d i s s o l v r d  t o  t h e  

same e x t e n t  in b o t h  t h e  b r i g h t e n i n g  and blaolc l i q u o r s .  The change 

in t h e  band a t  L650 CP-' due t o  c o n j u g a t e d  c a r b o u y l s  was found t o  

be very similar t o  t h e  one  shown in Tab le  2 f o r  t h e  p u l p  t h a t  had 

not  been p r e t r e a t e d .  T h i s  c o r r e l a t e s  w e l l  w i t h  t h e  similar 

b r i g h t n e s s  i n c r e a s e  v a l u e s  o b t a i n e d  f o r  t h e  two sets of pulp.  The 

a c e t y l  a n d  e s t e r  band  a t  1740 c m  showed a s i g n i f i c a n t  d e c r e a s e  

f o r  t h e  p r e t r e a t e d  p e r o l d d e  b r i g h t e n e d  p u l p  w i t h  respect t o  t h e  

co r re spond ing  blank.  T h i s ,  t o g e t h e r  w i t h  t h e  f a c t  t h a t  t h e  aroma- 

t i c  (and c a r b o r y l a t e )  peak a t  1600 cm-lshowed a s l i g h t  i n c r e a s e  i n  

i n t e n s i t y ,  indicated t h a t  t h e  expec ted  d e c r e a s e  d u e  t o  t h e  removal  

-1 

-1 
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4a ST-CEWIN AND GRAY 

of a - c a r b o n y l  p a u p s  w a s  masked by t h e  f o r m a t i o n  of c a r b o x y l a t e  

g r a p e  fraa d e a c e t y l a t i o n .  

CONCLUSION 

The technique  of FTIR-PAS was s b v n  t o  be u s e f u l  i n  t h e  s t u d y  

of mcchanical  pulp b r i g h t e n i n g .  With b a e e l i n e  c o r r e c t i o n  and 

t h e  use  of t h r e e  d i f f e r e n t  i n t e r n a l  s t a n d a r d  peaks (3400, 1510 and 

1056 CPI-'), a r e p r o d u c i b i l i t y  of better t h a n  5% was achieved .  The 

main changes o b e r v e d  in t h e  s p e c t r a  upon b r i g h t e n i n g  were found 

i n  t h e  c a r b o n y l  reg ion .  A n e t  d e c r e a s e  i n  conjugated  carbonyl  

grcups  w a s  found in a l l  cases. The a a i n  advantage  of t h e  tech- 

n ique  is t h a t  i t  does not  r e q u i r e  any sample p r e p a r a t i o n .  
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